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NOZZLE PLATE FOR A LIQUID JET PRINT
HEAD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a nozzle plate for print heads
which are used 1n ink jet and colored-liquid jet printers and
to a method for its production. The purpose of the invention
i1s to produce such nozzle plates and the print heads fitted
therewith more economically and to improve their function
in respect of printing speed and resolution.

2. Description of the Related Art

Nozzle plates for ink and colored-liquid jet print heads are
known (Hewlett-Packard Journal, August 1988, pages 28 to

31) (EP-495,663; EP-500,068); such nozzie plates contain
12 to about 100 nozzles with a hole diameter of down to 20

um. Ahead of each nozzle there lies an ink chamber which
communicates with an ink container via specially shaped
channels. A device for ejecting droplets having a volume of
1 to 1000 picoliters communicates with each nozzle. The
print head is frequently obtained by joining together the ink
container with, in general, three plates, one plate being a
thin-layer structure, the next plate being a lithographically
produced plastic structure with a feed channel and ink
chamber (channel plate), and the third plate containing the
nozzles (nozzle plate). Both the production of the nozzle
plate and of the channel plate and the joining together of the
plates to form the print head require considerable effort and

great precision.

The nozzle plate 1s produced, for example, by laser
treatment of plastic parts. In other methods, a conductive
base plate is used, which is provided at particular places with
a non-conducting plastic layer. The non-conducting places
are circular; their spacing corresponds to the intended spac-
ing of the nozzles in the nozzle plate. Metal is deposited
clectrolytically on the base plate. This metal layer 1s thicker
than the non-conducting layer, and the electrolytically

deposited metal inevitably grows over the edge of the
nonconducting places onto the non-conducting layer. In this

way, smaller nozzle diameters are implemented than corre-
sponds to the dimensions of the lithographically produced,
non-conducting places of the plastic layer. In order to
maintain the nozzle cross-section and its fluctuation from
nozzle to nozzle within the prescribed tolerances, complex
manufacturing and measuring methods have to be applied.
In the latter production method described, the spacing
between holes is inevitably greater than the thickness of the
plate to be produced. Since the plate must have a minimum
thickness for reasons of stability, the smallest spacing pos-
sible between holes and thus also the printing density are
limited.

According to EP-495,663, the channel structures and the
nozzle carrier are produced by casting. The nozzles are
bored individually in each case by means of a laser beam.
The channel structures and nozzles are produced in two
steps according to completely different methods. Further-
more, finishing is required. This method is also very com-
plex.

SUMMARY OF THE INVENTION

It is an object of the invention to produce nozzle plates
and channel plates with which liquid jet print heads can be
fitted together in a simpler manner, possibly with greater
precision.

10

15

20

25

30

35

40

45

50

55

60

65

2

According to the invention, the above and other objects
are achieved by a nozzle plate which contains nozzles, liquid
chambers, function regions of the connection channels
between liquid chambers and supply containers for the
liquid as well as adjusting elements if appropriate, all the
function regions being produced as integral microstructure
bodies by casting from a mold insert.

Such microstructure bodies show characteristic features
resulting from the casting process. Each mold inset contains
besides the functional regions microscopic topographic fea-
tures such as trays or troughs, humps, flutes, scratches or
other surface structures which are copied during casting 1nto
the surface of the molded microstructured body. Therefore,
the mold insert leaves behind microscopic traces of 1ts
surface structure on the surface of the microstructured body
which was in contact with the surface of the mold insert. One
mold insert is used for casting several thousands of integral
microstructured bodies. Therefore it 1s possible to detect a
plurality of microstructured bodies cast from the same mold

insert, which bodies show such identical traces.

Furthermore the optical birefringence within the micro-
structured body made from a lucid plastic depends on the
contour of the mold insert and reflects this contour.

During separation of the microstructured body from the
mold insert flutes (grooves, channels, chamifers) and
scratches may be created, the direction of which i1s nearly
perpendicular to the plane of the microstructured body.

- Such microscopic characteristic features can be detected
by visible and/or polarized light by a scanning electron
microscope or other scanning methods.

Although these characteristic features of the microstruc-
tured body have nearly no influence on the usefulness of the
microstructured body they are unerring characteristics of the
fact that the microstructured body is made by casting from
a mold insert. These characteristic features are the “finger-

print” of the mold insert.

Furthermore, filters and fluidic structures may belong to
the function regions of the nozzle plate to enhance the
printing quality.

Subsequently the expression “functional regions™ 1s used
to generally refer to nozzles, fluid chambers, connection
channels between fluid chambers and supply containers and
filters, fluidic structures and adjusting elements if appropri-
ate.

The filters are preferably surface filters with low tendency
of clogging. The number of openings within a filter is
appreciably greater than the number of nozzles. The width of
the openings on the side where the liquid enters the filter 1s
also smaller than the width of these openings on the opposite
side of the filter and smaller than the diameter of the nozzles.
Especially, two-stage surface filters are favorable for coarse
filtering in the first stage and for fine filtering in the second

stage.

The fluidic structures are preferably a fluidic diode. These
structures have a low flow resistance in the flow direction
towards the nozzle and a high flow resistance in the opposite
flow direction resulting in an increased efficiency of action
and in an increased output of droplets.

The microstructured mold insert of metal which contains
all the function regions of the nozzle plate in a complemen-
tary structure is produced, for example, by lithography,
preferably gravure lithography with radiographic rays, and
electroforming. Using lithographic methods, non-round or
non-square nozzle outlet apertures can also be implemented.
For this purpose, a metal base plate is used, which 1s covered
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with a first layer of suitable thickness of a (positive or
negative) radiographic resist. This layer is irradiated through
a first mask which bears an absorber structure for radio-
graphic rays, as a result of which the solubility of the first
resist layer at the places irradiated is changed. During
development of the irradiated, first resist layer, the regions
which have remained or become soluble are removed.

Subsequently, a second layer of a radiographic resist is
generally applied in a suitable thickness, which layer is
irradiated with radiographic rays through a second mask,
sald second mask bearing a different absorber structure from
that of the first mask. After the development of the second
resist layer, a metal is electrodeposited in the microstructure

made of plastics (resist) located on the base plate, all the
cavities in the microstructure being completely filled with
. metal. Subsequently, further metal is deposited, as a result of
which the entire microstructure is covered.

The microstructure of metal is separated from the micro-
structure made of plastics located on the base plate, the
microstructured mold insert of metal being obtained, which
contains all the function regions of the nozzle plate in a
complementary structure.

By means of the mold insert, the microstructured nozzle
plate made of plastics is produced, for example by injection
molding, as an integral microstructure body with all its
functional regions within one single production step.

If two mold inserts structured differently are inserted in
the 1njection molding die, an integral nozzle plate can be
produced, which contains function elements on both sides. A
nozzle plate which can be produced by means of this method
and, by structuring nozzle channels on two sides of the plate,
the printing density can be doubled and/or two different
colors can be used.

In addition to lithography, methods of laser treatment,
precision mechanics and etching techniques as well as
combinations of these Methods can also be used to produce
the mold insert. The cross-sectional shape of the nozzles can
thus also be changed; for example, nozzles can be produced
with a cross-section which decreases gradually in the flow
direction.

This can be achieved, for example, by

irradiating the resist layers at an angle to the perpendicu-
lar line onto the surface, or by

the multiple use of the lithographic method in a plurality
of planes one above the other, in each case with a
different mask geometry, or by

a suitable variation of exposure and development param-
eters.

It is true that the production of the mold insert requires
great precision and can be quite complex since, in this case,
the arrangement of the function regions relative to one
another 18 adjusted. However, it is worth this effort since it
18 only required in the production of the mold insert. The
nozzle plates themselves are cost-effectively produced as
replicas in large numbers and, without additional outlay,
have virtually the same precision as the mold insert.

The nozzle plate made of plastics can be produced by
imjection molding, reaction molding or embossing by means
of a metal mold insert. These methods allow cost effective
mass production of nozzle plates. The nozzle plate of metal
which contains all functional regions as an integral micro-
structured body can likewise be produced by the cost
effective production of a microstructured insert which con-
tains all the functional regions of the nozzle plate in the
identical structure. For this purpose, the negative mold is
converted 1n an electroforming process—in analogy to the
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process described in the production of the mold insert—into
a metal structure with the desired nozzle holes and function
clements.

Examples of suitable plastics are polysulphone, poly-
(ether sulphone), poly(methyl methacrylate), polycarbonate,
poly(ether ether ketone) and liquid crystal polymers.

Suitable for producing a nozzle plate of metal are, for
example, nickel or nickel/cobalt alloys or copper/tin/zinc
alloys; such plates are inserted either directly or with a
coating,

The present invention has the following advantages:

The nozzle plate having a plurality of function regions
facilitates the production of the print head, especially
because fewer single parts have to be assembled.

Even very complex structures of the nozzle plate can be
produced cost-effectively in large numbers and with great
precision by means of casting from the mold insert.

The method has a high structure resolution and allows
great packing density of the function regions. Structures of
a high aspect ratio and virtually any desired shape can be
produced.

The nozzle plate permits a high printing speed and is
particularly suitable for print heads having a plurality of
colors.

The complex adjustment of the function regions relative
to one another is only required during production of the
mold insert.

The number of manufacturing steps and the range of parts
are reduced, as a result of which productivity rises and, at the
same time, the outlay for quality control is reduced.

By using non-round or non-square nozzle outlet apertures,
controlled separation of the droplet and stabilization of the
flight direction can be achieved.

The method is very flexible and allows nozzle plates
structured very differently to be produced from various
materials.

The tunctton regions of a nozzle plate can be arranged in
a compact manner.

The nozzle spacings can be less than Vio of the plate

thickness.
BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects, as well as advantageous features
of the present invention, will become apparent by reading
the description of the preferred embodiments according to
the present invention with reference to the drawings,
wherein:

FIGS. 1(a) through 1(e) show the main steps for produc-
ing a mold insert by lithography and electroforming;

FIG. 2 shows a nozzle plate made by the process of FIG.
1;

FIG. 3 shows the nozzle plate of FIG. 2 prior to assembly
with a silicon plate;

FIG. 4 shows a nozzle plate according to a second
embodiment:;

FIG. 5 shows a nozzle plate with a surface filter in front
of the liquid channels:

FIG. 6 shows several fluidic elements in front of the liquid
channels; and

FIG. 7 shows several embodiments of non-round and
other aperture shapes.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Preferred embodiments of the invention will now be
described with reference to the accompanying figures.
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On the metal base plate 1 there is the first resist layer 2
which is irradiated through the first mask 3 with parallel
light FIG. 1(a)). The thickness of this resist layer corre-
sponds to the thickness of the structure to be produced. The

first mask bears the absorber structure 4 which shades the

regions 5 of the first resist layer located below it.

After removal of the non-irradiated regions of the first
resist layer 2, the second resist layer 6 is applied (FIG. 1(b)),
which 1s irradiated through the second mask 7. The second
mask bears the absorber structure 8 which shades the regions
9 of both resist layers located below it. After removal of the
non-irradiated regions 9 of the second layer 6 and of the
material which may have penetrated into the regions from

which the first resist layer has already been removed, a
structure is obtained which corresponds to the structure of
the nozzle plate.

The regions from which the resist layers have been
removed are filled by electrodepositing of metal (FIG. 1(c)),
¢.g., N1, NiCo, Cu, and the entire region 18 covered with a
metal layer 10. After separating the metal layer from the
base plate and remaining resist material, the metal mold
insert 11 is obtained (FIG. 1(d)), whose structure is comple-
mentary to the structure of the nozzle plate. By casting from
the mold insert 11, the nozzle plate 12 made of plastics is
produced (FIG. 1(e)), which contains the nozzles 13 as well
as further function regions 14. '

FIG. 2 shows, as an example, a nozzle plate 12 formed of
a cast plate structure with a nozzle 13, liquid trough 15,
liquid chamber 16 and a cutout 17 as an adjustment aid for
attachment to the opposite plate 18. This plate 18 consists,
for example, of silicon and bears, as a thin-layer structure,
a heating element 19 which is located opposite each nozzle
through which the liquid droplets are ejected. The plate 18
has a liquid inlet 20 and a peg 21 which fits into the cutout
17.

FIG. 3 illustrates a nozzle plate 12 in a view from above
prior to assembly with the silicon plate 18. The silicon plate
bears a plurality of heaters 19 with electrical leads, and the
liquid inlet 20. The nozzles 13 are arranged 1n two rows and
are illustrated on the top of the nozzle plate 12.

Furthermore, an enlarged extract of the underside of the
nozzle plate 12 is illustrated. On this, a plurality of nozzies
13, the liquid trough 15 and the liquid chamber 16 belonging
to each nozzle, as well as a plurality of liquid channels 22
which connect the liquid trough to a liquid chamber in each
case, can be seen.

The nozzle plate 12 is connected to the silicon plate 18 by

gluing, bonding or in another manner.

FIG. 4 shows an integral nozzle plate 23 according to
another embodiment, which may be usable for a two color
print head, prior to 1ts assembly with two silicon plates (not
illustrated); the latter bear a heating element for each nozzle
as well as its electrical connections. Located upstream of
each nozzle aperture 24 is a round liquid chamber 25 which
is connected to the liquid trough 27 via the nozzle channel
26. The nozzle plate contains a row of nozzles on each side;
the two rows of nozzles are offset relative to one another. If
this nozzle plate is provided for a two color print head, it has
a liquid trough on each side of the plate, the two liquid
troughs not communicating with one another. Additionally,
this nozzle plate bears, on each side, adjusting pegs 28 for
precise assembly with the two silicon plates.

FIG. 5 illustrates an integral nozzle plate with a surface
filter 29 in the liquid trough 14 in a view from above prior
to assembly with the silicon plate 18. The elements of this
surface filter are wedge-shaped.
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FIG. 6 shows an integral nozzle plate with fluidic struc-
tures 30 in the liquid trough 1S5 in a view from above prior
to assembly with the silicon plate 18. In the embodiments
according to FIGS. 6a and 6/ the fluidic elements are
wedge-shaped and similar to each other, the hollow side 31
or 32 of the wedge directed to the liquid channel 22.
Between the edges of the wedge and the entrance into the
liquid channel there are narrow slits 33. When the liquid is
flowing into the liquid chamber 16 the flow is roughly
laminar and the flow resistance 1s low. When the actor
located opposite to the nozzle ejects a droplet out of the
nozzle some liquid is flowing in the reverse direction. This
flow raises turbulence in front of the fluidic element and
results in a high flow resistance.

FIG. 6c shows an embodiment of the fluidic element
different from FIGS. 6a and 65. Behind the wall of the liquid
channel 22 there are two channels 34. When some liquid is
flowing in the reverse direction the liquid passing through
these bypass-channels 34 1s turned around and 1s ejected 1n
the opposite direction thus increasing the flow resistance.

FIG. 7 shows several embodiments of nozzle cross-
sections. Besides the round cylindrical cross-section 31 a
cone-shaped cross-section 32, two star-shaped cross-sec-
tions 33 and 34 (with eight and five edges respectively) and
two five-lobe cross-sections—cylindrical 35 and cone-
shaped 36 —are shown. Non-round cross-sections facilitate
the formation of the droplets and stabilize the fiight path of
the droplets.

EXAMPLE 1

Method for producing a mold insert for a nozzle
plate with an axial liquid jet

To produce the mold insert, a 100 um thick resist layer of
poly (methyl methacrylate) (PMMA) 1s applied to a base
plate made of copper (10 mm thick, about 100 mm wide and
about 100 mm long). This layer 1s irradiated with synchro-
tron radiation through a first radiographic mask. The first

- mask is structured in a form matching the structure of the

nozzle plate. By means of the radiographic radiation, the
irradiated regions of the first resist layer become soluble.
The regions irradiated through the first mask are removed
using a solution of GG developer.

Subsequently, the regions from which the first resist layer
has been removed are filled with nickel, and the entire plate
is covered with a 50 um thick resist layer of PMMA. This
layer is irradiated with synchrotron radiation through a
second radiographic mask. The second mask 1s structured in
a form matching the structure of the channel plate and the
structure of the first mask. By means of the radiographic
radiation, the irradiated regions of the second resist layer
become soluble down to a depth of about 65 pm due to
targeted dose accumulation. The regions of the second resist
layer irradiated through the second mask are removed using
a solution of GG developer.

Nickel is electrodeposited in the regions from which the
resist layer has been removed, and the entire plate is covered
with a nickel layer about 8 mm thick, the nickel structure of
the first plate serving as an electrical contact.

The base plate made of copper is cut off, and the remain-
ing parts of both resist layers are removed using polyethyl-
ene glycol. The mold insert whose structure 1S complemen-
tary to the structure of the nozzle and channel plate is thus

obtained.




5,588,597

7
EXAMPLE 2

Nozzle plate for a print head with an axially
emerging liquid jet

The nozzle plate produced by means of a mold insert
according to Example 1 contains 108 nozzles, in 2 rows,
with a diameter of 50 pm and a nozzle length of 100 um. The
liquid chamber is 50 um deep and 70 um wide below the
nozzles. The liquid trough is likewise 50 um deep. The
narrowest place in the liquid channels is about 30 um wide.

This integral nozzle plate is glued to a silicon plate which
contains a heating element for each nozzle, its electrical
connections and the liquid inlet. The adhesive used is a
polyurethane adhesive.

EXAMPLE 3

Nozzle plate for a print head with a liquid jet
emerging in the plane of the plate

The integral nozzle plate produced by means of two mold
inserts according to Example 1 contains a total of 216
nozzles on both sides. The nozzles on each side have a
spacing of 84 um. The two rows of nozzles are offset relative
to one another by 42 um. The dimensions of the nozzle
channel at the narrowest place are 40 um wide and 40 um
deep. The diameter of the liquid chamber located ahead of
the nozzle is 60 um, the wall thickness between the liquid
chambers is 24 pm. The narrowest part of the liquid channel
i1s 20 um wide.

This integral nozzle plate is glued on both sides to a
silicon plate which contains a heating element for each
nozzle and its electrical connections. The adhesive used is a
polyurethane adhesive.
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For a single-color print head, there is a liquid inlet in the
silicon plate on one side only and a liquid passage in the
liquid trough of the nozzle plate.

For a two-color print head, an arrangement having in each
case a liquid feed in each of the two silicon plates can be
implemented; in this case, the opening in the liquid trough
of the nozzle plate is not required.

Obviously, numerous modifications and variations of the
present invention are possible in light of the above teach-
ings. It is therefore to be understood that within the scope of
the appended claims, the invention may be practiced other-
wise than as specifically described herein.

We claim:

1. A nozzle comprising:

a cast plate structure; and

functional regions in said plate structure, said functional
regions including at least one nozzle, at least one liquid
chamber, at least one supply container and connection
channels connecting said at least one nozzle, said at
least one liquid chamber and said at least one supply
container, wherein said plate structure has at least one
nozzle on opposite sides thereof, including further
plates assembled to said opposite sides and having
heating elements and electrical connections for said
nozzles.
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